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ABSTRACT 

The reflection factor of a plane boundary between two media has been com- 
puted by the Fresnel formula for unpolarized, perfectly diffused incident light as a 
function of the relative index of refraction of the media. Because of total internal 
reflection, the factors depend importantly upon whether the diffuse flux is incident 
externally or internally. For example, diffuse light in air incident on the plane 
surface of glass of index 1.5 is 9.2 percent reflected; but if the perfectly diffuse 
light is incident internally, the reflection factor is 60 percent. 



In the optical specification of light-scattering materials 1 by means 
of the absorption and scattering coefficients of the Kubelka-Munk 
theory, 2 it is frequently necessary to consider the effect of both ex- 
ternal and internal reflection of light diffusely incident on a plane 
boundary between two media of different indices of refraction. 3 The 
reflectance at such a boundary has therefore been computed by 
application of the well-known Fresnel formula. The results are shown 
in table 1 as a function of the ratio, ra, of the index of refraction of the 
denser medium to that of the rarer. The reflectance for perpendicular 
incidence, r, computed from the formula 

r=(m-l)7(ro+l) a (1) 

is also shown in the table. 

The reflectance for completely diffused unpolarized light incident 
externally was computed from the approximate formula given by 
McNicholas: 4 

r=]>>0 sin 20A</)/X; sin 20A0, (2) 

o o 

where 7> is the reflectance by the Fresnel formula for unpolarized 
light incident on the surface from the rarer medium at an angle, <£, 
from the perpendicular to the surface. The angular interval, A<£, 
used in these summations was 0.04 radian. 



i Deane B. Judd (with the collaboration of W. N. Harrison, B. J. Sweo, E. F. Hickson, A. J. EickhofT, 
Merle B. Shaw, and George C. Paffenberger), Optical specification of light-scattering materials, J. Research 
NBS 10, 287 (1937) RP1026. 

2 P. Kubelka and F. Munk, Ein Beitrag zur Optik der Farbanstriche, Z. tech. Physik 12, 593 (1931). 

3 J. W. Ryde and B. S. Cooper, Scattering of light by turbid media, I, Proc. Roy. Soc. (London) [A] 131, 451 
(1931). 

B. W. King, Jr., Effect of particle size and index of refraction on reflectance, J. Ceramic Soc. 23, 221 (1940). 
J. S. Preston, The properties of diffusing glasses with special reference to surface effects, Proc. Intern. Illum- 
ination Cong. 1, 373; 1931 (London, 1932). 

4 H. J. McNicholas, Absolute methods in reflectometry, BS J. Research 1, 29 (1928) RP3. See equation 18, 
p. 50. 
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Table 1. — Reflectance of unpolarized light at a plane boundary between two media 
as a function of their relative index of refraction, m 
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The reflectance for completely diffused unpolarized light incident 
internally was computed from the similar formula: 



r=2>0 sin 26A6/J2 sin 20A0, 



(3) 



where re is the reflectance by the Fresnel formula for unpolarized 
light incident on the surface from the denser medium at an angle, 
0, from the perpendicular to the surface. The angular interval, Ad, 
used in these summations was 0.04 radian except for the interval of 
0.04 radian containing the critical angle (fl c =sm -1 1/m) for which 
it was taken as 0.0005 radian. 

Values of r^ were read directly from tables published by Moon. 5 
Values of re for 6 less than the critical angle were found by reading 
the value of r<f> from Moon's table for <j> equal to the angle whose sin is 
m sin 6. For 6 greater than the critical angle, re is, of course, equal 
to 1. 

The summations were carried out for m=l.l, 1.2, 1.3, 1.4, 1.5, and 
1.6. Intermediate values were found by third-difference osculatory 
interpolation 6 with the terminal intervals filled in by extrapolation 
of the third-differences. The uncertainty is estimated to be less than 
2 in the last figure given. The values of reflectance for external 

6 Parry Moon, A table of Fresnel reflection, J. Math. Phys. 19, 1 (1940). 

6 J. W. Glover, Derivation of the United States Mortality Table by osculatory interpolation, Quart. Pub. Am. 
Statistical Assoc. 12, 90 (1910). 

D. B. Judd, Extension of the standard visibility function to intervals of 1 millimicron by third-difference oscu- 
latory interpolation, BS J. Kesearch 6, 465 (1931) EP289. 
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diffuse incidence agree well with those computed by Ryde and Cooper 
(see footnote 3) from a formula derived by Walsh. 7 

figure 1 shows as a function of m, reflectance for perpendicular 
incidence, reflectance for external diffuse incidence, and reflectance 
for internal diffuse incidence. It may be seen that there is consider- 
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Figure 1. — Fraction of incident light reflected from a plane interface for three angu- 
lar conditions of illumination: (a) perpendicular incidence, (b) perfectly diffuse 
incidence from the less dense medium (external) , and (c) perfectly diffuse incidence 
from the denser medium (internal). 

Note that internal reflection of diffusely incident light takes place to a considerable degree even at bound- 
aries between media of only slightly differing index of refraction (m approaching 1.0). 

able difference between these functions not only in amount but also 
in the shapes of the curves which represent them. 

Preston, 3 Ryde, 3 and Duntley 8 have correctly warned that internal 
reflectance is sharply dependent on the degree of approach to com- 
plete diffusion of the incident light. For the same reasons it is 

1 J. W. T. Walsh, The reflection factor of a polished glass surface for diffused light, Dept. Sci. Ind. Res. (Brit.), 
Illumination Research Tech. Pap. 2, 10 (1926). 
$ S, Q. Duntley, The optical properties of diffusing materials, J. Opt. Soc. Am. 32, 61 (1942). 
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also sharply dependent upon the degree of approach of the surface to a 
perfect plane. A slightly wavy or scratched surface bounding a 
diffusing medium, or a surface exhibiting an "orange-peel" texture 
should be expected to have values of internal reflectance considerably 
lower than those for a perfect plane. 
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